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(54) Method for etching transistor gates using a hardmask 



(57) An etchant composition of nitrogen trifluoride 
and chlorine, preferably also including a passivation ma- 
terial such as hydrogen bromide, etches tungsten sili- 



cide-polysilicon gate layers with high selectivity to a thin 
underlying silicon oxide gate oxide layer to form straight 
wall, perpendicular profiles with low microloading and 
excellent profile control. 
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Description 

This invention relates to an improved etch chemis- 
try for etching a bilayer of tungsten silicide and polysili- 
con used to make transistor gates. More particularly, this 
invention relates to an improved etch composition for 
selectively etching tungsten silicide and polysilicon over 
a gate oxide layer. 

In the manufacture of transistors for integrated cir- 
cuits, a conductive gate layer or layers is deposited over 
a gate oxide layer. In the particular transistor gate dis- 
cussed herein, a first layer of polysilicon and a second 
layer of tungsten silicide are deposited sequentially over 
a gate oxide layer. In the conventional manufacture of 
the gate, a photoresist layer is deposited over the layers, 
the photoresist is patterned, and the tungsten silicide 
and polysilicon layers are etched selectively down to the 
gate oxide layer. 

Fig. 1 illustrates the initial sequence of layers used 
to form the present transistor gates. In Fig. 1 . a gate 
oxide layer 12 is put down first over the substrate 10, a 
polysilicon layer 14, a tungsten silicide layer 16 and a 
photoresist layer 18 are sequentially deposited thereo- 
ver 

After patterning the photoresist layer, the gate struc- 
ture is etched down to the silicon oxide layer 12. The 
resultant patterned gates 1 are shown in Fig 2. The pho- 
toresist layer 18 is then removed or stripped in conven- 
tional manner 

What is desired is that the gate structure of Fig. 2 
have smooth, vertical sidewalls, with no undercutting ei- 
ther between the tungsten silicide and the polysilicon, 
or at the polysilicon- silicon oxide interface. A suitable 
conventional etchant is a mixture of SF 6 and HBr 

However, as devices become smaller and the cross 
section of the gates is below 0.5 micron, photoresist has 
been found to be inadequate to maintain dimensional 
control during the etch. In particular, using photoresist, 
it has been found that some gate structures, particularly 
at the end of a row of gates, or for more isolated gate 
structures, the dimensional control is not acceptable 
and the sidewall profiles are non-uniform. This is known 
as microloading or profile microloading. 

Thus a hardmask of silicon oxide is substituted for 
the photoresist. In such case, a silicon oxide layer is de- 
posited over the tungsten silicide layer, followed by pho- 
toresist. The photoresist is patterned in conventional 
manner, and the oxide layer is selectively etched to form 
the hardmask. Good control of dimensions of the oxide 
hardmask layer can be obtained to form gates having a 
cross section below 0.5 micron, e.g., 0.25-0.35 micron. 
The photoresist layer is stripped and the patterned oxide 
layer is used as the masking layer to etch the gate lay- 
ers. The resultant structure is the same as shown in Fig. 
2, except that a hardmask layer is substituted for the 
photoresist layer 18. The etched sidewalls 20 should be 
straight with an opening 22 formed between them. 
The thickness of the gate oxide layer 12 is very im- 



portant and varies with the gate length in accordance 
with the device design. However, for fast, smaller devic- 
es, the thickness of the gate oxide layer 1 2 is preferably 
on the order of 90 angstroms thick. If the gate oxide layer 
5 is too thick, the device speed is lowered. If the gate oxide 
layer is too thin, there is a danger of etching through this 
layer to the underlying substrate, shorting out the de- 
vice. 

Since the gate oxide layer 12 is thin in comparison 
10 to the thickness of the gate layers, a high selectivity be- 
tween the polysilicon layer 14 and the gate oxide layer 
12 is required to avoid etching through the thin gate ox- 
ide layer 12. 

Typically the transistor gates herein include a poly- 

*5 silicon layer 14 about 1000A thick; a tungsten silicide 
layer 16 about 1500 A thick and a hardmask silicon ox- 
ide layer about 5000 A thick. Using silicon oxide hard- 
masks, microloading is improved, selectivity is improved 
and the critical dimension is higher. 

20 However, we have found that the etchant chemistry 
comprising SF 6 and HBr is inadequate to form gates at 
uniform etch rates, and that undercutting is a problem. 
Microloading is high, with a 10- 12% variation across the 
substrate. Thus other etchant compositions have been 

25 tried, including substituting chlorine for HBr. A compo- 
sition of HCI, Cl 2 and N 2 has also been tried. However, 
none of these etch compositions meet all of the require- 
ments for this etch process, including low microloading, 
and the good sidewall passivation required to form 

30 straight etched walls, high selectivity between the poly- 
silicon and the gate oxide layers, and high etch rates. 

Thus the search for an improved etch composition 
for the subject gate stack has continued. 

We have found that employing an etch composition 

35 comprising NF 3 and Cl 2 for etching transistor gates 
comprising tungsten silicide and polysilicon provides 
low microloading for the hard mask, high etch selectivity 
to the gate oxide and excellent profile control, as well 
as acceptable etch rates. Additionally the etchant com- 

40 position preferably includes a sidewall passivant such 
as hydrogen bromide (HBr). Other passivation materials 
such as nitrogen and/or oxygen can also be used. 

Fig. 1 is a cross sectional view of an unetched gate 
structure for a tungsten silicide-polysilicon gate. 

45 Fig. 2 is a cross sectional view of the gate structure 
of Fig. 1 after etching. 

Figs. 3A and 3B are a cross sectional view of an 
etch chamber in which the present etch process can be 
carried out. 

50 Figs. 4A, 4B, 4C and 4D are photomicrographs of 
cross sectional views of gate structures etched using the 
etchant composition of the invention. 

Figs. 5A and 5B are photomicrographs of cross sec- 
tional views of gate structures etched using an etchant 
55 composition of the prior art. 

Figs. 6A and 6B are photomicrographs of cross sec- 
tional views of gate structures etched using an alternate 
etchant composition of the prior art. 
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Figs. 7A and 7B are photomicrographs of cross sec- 
tional views of gate structures etching using still another 
alternate etchant composition of the prior art. 

Figs. 8 A, 8B and 8C are photomicrographs of cross 
sectional views of gate structures etched in accordance 
with the invention at varying substrate temperatures. 

The optimal criteria desired for etching gate struc- 
tures of the invention is a high etch rate for both polysil- 
icon and tungsten silicide of about 2000-3000 ang- 
stroms per minute (A/min), with a selectivity close to 1 : 
1 between the tungsten silicide and the polysilicon lay- 
ers, and a higher selectivity, i.e., about 5:1 selectivity 
between the polysilicon and the hardmask gate oxide 
layer; a wall profile angle of close to 90° with respect to 
the substrate; a variation in etch uniformity of 3% or less 
across the wafer; reduced microloading and minimal 
etching of the gate oxide layer. 

The present etch composition has a selectivity of 
tungsten silicide:polysilicon of 0.75:1, and a selectivity 
of polysilicon to the hardmask gate oxide of 2.8:1 . The 
overall etch rate is about 2000 to 2200 A/min for tung- 
sten silicide, and about 3000 A/min for polysilicon. 

After indication that an end point has been reached, 
it is standard practice to perform an "overetch" to re- 
move all material from the bottom of the opening adja- 
cent to the gate oxide layer. The overetch rate for the 
present etch composition is high, 2500A/min, the uni- 
formity is good at about 5% and selectivity to the gate 
oxide is high at 85:1. 

The present etch process can be carried out advan- 
tageously in an etch chamber as shown in Fig. 3A. The 
chamber 30 includes walls 31 housing a reactor cham- 
ber 32. Processing gases are introduced to the chamber 
32 via a nozzle 33. The nozzle 33 is connected to the 
walls 31 which are grounded via line 34. A cathode sup- 
port electrode 35 supports the wafer 38 to be treated. 
The wafer 38 is passed into the chamber by means of 
a slit vaive 36. The cathode support electrode 35 is con- 
nected to a source of power 39 and is also connected 
to an elevator mechanism (not shown) for raising and 
lowering the support 35 while the wafer 38 is moved into 
and out of the chamber. The wafer 38 can be cooled by 
passing a flow of helium to the backside of the wafer 38. 
Conventional clamps or fingers (not shown) connected 
to the support electrode 35 maintain the wafer 38 in 
alignment during processing A suitable pressure is 
maintained in the chamber by an exhaust system (not 
shown). A plasma is formed from the processing gases 
in the region between the anode and the support elec- 
trode. 

A pair of helmholtz configured electromagnetic coils 
39, 40, provide a transverse magneticfield with the north 
and south poles at the left and right providing a horizon- 
tal magnetic field axis parallel to the surface of the wafer 
38. The transverse magnetic field is applied to slow the 
vertical velocity of electrons in the plasma which are ac- 
celerated radially by the magnetic field as they move to- 
wards the wafer 38. Accordingly, the quantity of elec- 



trons in the plasma is increased by means of this trans- 
verse magnetic field and the plasma is enhanced. Thus 
the potential drop across the cathode sheath can be de- 
creased to increase the ion current flux present on the 

s wafer surface, permitting higher rates of etching without 
requiring higher ion energies to achieve this result. As 
shown in Fig. 3B, the vector of the magnetic field rotates 
about the center axis of the electrical field by varying the 
phases of current flowing through the coils 39, 40 at a 

10 typical rotational frequency of 0.01 to 1 Hz, producing a 
variable strength of the magnetic flux, typically from 
0-1 50 Gauss, determined by the current supplied to the 
coils. 

Suitable chambers are available commercially from 
'5 Applied Materials, Inc as the MxP or MxP Plus chamber. 
The power to the chamber is generally set at 
100-500 watts. If the power is too low, an inverse taper 
for the openings may be obtained, which is not desira- 
ble, particularly when the openings 22 are to be filled in. 
20 The pressure during etching is generally main- 
tained at about 20 to 25 millitorr to maintain straight side- 
walls of the etched profiles. 

The composition of the etchant of the invention pref- 
erably includes from 75 to 85% by volume of chlorine 
25 and from 1 5 to 25% by volume of NF 3 . When HBr is also 
used, the preferred etchant composition is 75 to 80% by 
volume of chlorine, 10 to 15% by volume of NF 3 and 5 
to 10% by volume of HBr. 

Since, as is set forth in greater detail below, the tem- 
30 perature of the substrate affects the sidewall taper and 
the etch rate, the temperature of the substrate during 
etching is chosen depending on the sidewall taper and 
etch rate desired. 

The invention will be set forth in greater detail in the 
35 following examples, but the invention is not to be limited 
to the details therein. 

Example 1 

40 A silicon wafer having a layer of gate oxide thereon 
about 90A thick, a layer of polysilicon 1000A thick ther- 
eover, a layer of tungsten silicide (WSi x ) 1500A thick and 
a patterned silicon oxide hardmask layer thereover 
1 500A thick was patterned as an array of openings hav- 

45 ing 0.3 micron dimensions, in an etch chamber as in Fig. 
3. The pressure of the chamber was brought to 20 mil- 
litorr. 

A gas flow of 20 seem of NF 3 , 15 seem of HBr and 
90 seem of chlorine was passed into the chamber. The 

50 power was set at 500 watts, and the magnetic field at 
30 gauss. The substrate temperature was 80°C. Etching 
was continued for 47 seconds for an etch rate of about 
2200 A/min for the tungsten silicide. 

An overetch was carried out for 30 seconds using 

55 an etch composition of 50 seem HBr, 1 0 seem of chlorine 
and 3 seem or a helium/oxygen mixture at 80 millitorr 
pressure, power of 150 watts, and magnetic field at 30 
gauss. The etch rate was 2500A/min, the etch rate uni- 
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formity was 5%, and the selectivity to the gate oxide was 
about 85:1. 

Figs. 4A, 4B, 4C and 4D is a series of cross sec- 
tional views of the resulting openings taken from the 
center (4A and 4B) and edge (4C and 4D) of the wafer. 5 
It is apparent that the openings had straight sidewalls 
with no undercutting. 

The etch rate was 2200A/min and the etch rate uni- 
formity across the wafer was 5.1%; the selectivity of 
WSi x to polysilicon was 0.75:1 and the selectivity to the 10 
gate oxide was 2.8:1; etch rate microloading was less 
than 3%; and the profile microloading variation was less 
than 1 °; that is, the angle of the sidewall with respect to 
the substrate was found to be 89° for an opening at the 
center of the wafer, and 90° for an opening at the edge is 
of the wafer. A slight faceting of the upper edge of the 
opening can be seen. 



Control 1 



Control 2 



Control 3 

The procedure of Example 1 was followed etching 
0.25 micron openings. The etchant mixture was 26 seem 
of chlorine and 52 seem of SF 6 . The chamber pressure 



20 



The procedure of Example 1 was followed except 
substituting as the gas flows 25 seem of SF 6 and 35 se- 
em of chlorine. The pressure was held at 25 millitorr, the 
power was set at 275 watts, the magnetic field at 30 
gauss, and the substrate temperature was 40°C. Etch- 25 
ing was continued for 50 seconds. 

An overetch was carried out as in Example 1 . The 
overetch rate was 1250 A/min, the overetch uniformity 
was 3% and the selectivity of polysilicon to the gate ox- 
ide was about 100:1. 30 

The etch rate was 2400 A/min and the etch rate uni- 
formity was 6-8%; microloading was 6-7%, and profile 
microloading was 5-7%. The angle between the sidewall 
and the substrate was 87° at the center of the wafer and 
92° at the edge of the wafer. Also the sidewalls were 35 
more tapered than those formed in Example 1 as can 
be seen in Figs. 5A and 5B. Some undercutting is ap- 
parent. 



40 



The procedure of Example 1 was followed except 
substituting the following gas flows: 60 seem SF 6 and 
20 seem HBr. The pressure was held at 20 millitorr, the 
power was set at 250 watts, the magnetic field at 30 45 
gauss and the substrate temperature was 80° C. An 
overetch was carried out as in Example 1. 

The etch rate uniformity was only 1 0-1 3%; etch rate 
microloading was 10-12%; and profile microloading was 
less than 1 °. As can be seen in Figs. 6A and 6B, some so 
undercutting can be seen at the polysilicon to gate oxide 
interface. There is a marked taper to the etched profiles. 



55 



was 25 millitorr, the power was set at 200 watts, and the 
magnetic field at 30 gauss. 

An overetch was carried out as in Example 1. 

The etched profiles are shown in Figs. 7A and 7B 
for the center and edge of the wafer respectively. Slightly 
tapered sidewalls were obtained. 

The etch rate uniformity was 6-8%, etch rate micro- 
loading was 5-7% and the profile microloading was 
6-7%. 

Example 2 

This example shows the variation of profile control 
versus substrate temperature during etching. 

The procedure of Example 1 was followed using 
etchant gas flows of 90 seem chlorine, 10 seem NF 3 and 
1 5 seem HBr. The etch was done at a chamber pressure 
of 20 millitorr, the power set at 450 watts, the magnetic 
field at 30 gauss and the temperature at 40°C. No over- 
etch was carried out on these samples. 

Fig. 8A illustrates the profile obtained at 40°C. The 
sidewalls are somewhat tapered. The endpoint was 
reached in 87 seconds, with 14% of the polysilicon re- 
maining. 

Fig. 8B illustrates the profile obtained at a 65°C sub- 
strate temperature. The sidewalls are less tapered than 
those of Fig. 8A and no undercutting was observed. The 
endpoint was reached in 64 seconds, with 11% of the 
polysilicon remaining. Thus etching was more complete 
and the etch rate was higher. 

At a substrate temperature of 80°C, when the power 
was increased to 500 watts and the gas flows were ad- 
justed to 90 seem of chlorine, 20 seem of NF 3 and 10 
seem of HBr, the endpoint was reached in 40 seconds 
and only 1 0% of the polysilicon remained. Thus the etch 
rate here was significantly higher than the etch rate at 
the lower temperature. 

Fig. 8C illustrates the profile obtained. Straight 
walled profiles were obtained with no undercutting. 

Although the invention has been described in terms 
of specific embodiments, various changes to the reac- 
tion conditions and gas flows can be made as will be 
known to those skilled in the art and are meant to be 
included herein. Various etch chambers are commer- 
cially available and can be used to carry out the present 
etch. The invention is only meant to be limited by the 
scope of the claims appended hereto. 



Claims 

1 . An etch composition for etching transistor gates on 
a silicon oxide layer comprising a layer of tungsten 
silicide over a layer of polysilicon adjacent to said 
silicon oxide layer, using a silicon oxide hardmask, 
the etch composition comprising a mixture of nitro- 
gen trifiuoride and chlorine. 
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2. An etch composition according to claim 1 addition- 
ally including one or more of hydrogen bromide, ni- 
trogen, oxygen and a carrier gas. 

3. An etch composition according to claim 1 or claim 5 
2 comprising from 75 to 85% by volume of chlorine 
and from 1 5 to 25% by volume of nitrogen trifluoride. 

4. An etch composition according to claim 1 or claim 

2 comprising from 75% to 80% by volume of chlo- 10 
rine, 10 to 15% by volume of nitrogen trifluoride and 
5 to 10% by volume of hydrogen bromide. 



5. A method of etching transistor gates comprising se- 
quential layers of gate oxide, polysilicon and tung- *5 
sten silicide on a substrate and using a patterned 
silicon oxide layer as a hardmask, the method com- 
prising etching the tungsten silicide and polysilicon 
layers with an etchant composition including nitro- 
gen trifluoride and chlorine. 20 



6. A method according to claim 5, wherein the etchant 
composition comprises from 75% to 85% by volume 
of chlorine and from 15 to 25% by volume of nitro- 
gen trifluoride. 25 



7. A method according to claim 5 or claim 6, wherein 
said etchant composition further includes hydrogen 
bromide. 

30 

8. A method according to claim 7, wherein the etchant 
composition comprises from 75% to 80 by volume 
of chlorine, 10 to 15% by volume of nitrogen triflu- 
oride and 5 to 1 0% by volume of hydrogen bromide. 

35 

9. A method according to any one of claim 6 to 8, 
wherein said tungsten silicide layer is about 1500 
angstroms thick, said polysilicon layer is about 1000 
angstroms thick and said gate oxide layer is from 
about 90 to 1 00 angstroms thick. 40 



10. A method according to any one of claims 6 to 9, 
wherein the temperature of etching is chosen to ob- 
tain the desired profile. 

45 



50 
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